crop) in pest management including suicidal germination of parasitic weeds. Cylindrospermum alatosporum CCALA 998, Eustigmatos sp., Fisheriella sp.,
Haematococcus pluvialis, Chlamydomonas reinhardtii (2 strains), Chlorococcum sp.,
Chlorogloea sp., Chlorokybus atmophyticus, Klebsormidium flaccidum, Leptolyngbia sp.,
Microthamnion strictissimum, Nanochlorpsis sp., Nostoc calcicola, Nostoc muscorum, N. Trochydiscus sp., Vicheria sp., the symbiotic algae with fungi in lichens -Trebouxia sp. Asterochloris sp., Trentepohlia aurea, and the algae obtained by free natural sampling:
freshwater macroalga -Cladophora sp. and Chara sp. (2 isolates), the freshwaterweed 1 5 7
Elodea canadensis (intermediate between macroalga and plant) and the marine macroalgae -
Codium sp., Gracilaria dura, G. Bornea, G. sp., Cystoseira sp., Ulva lactuca were screened. The algal biomass was produced in cultivation tubes with volume from 500 to 2000 ml
according to experiments. The algal biomass was separated by centrifugation (4500 rpm, 5 1 6 1 min) from the medium, freeze dried and stored at room temperature until testing. The natural 1 6 2 samples of algae and the waterweed E. canadensis were dried at room temperature. Some of 1 6 3 the isolates were tested immediately after collection.
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In vitro axenic culture of Trebouxia arboricola (University of Gdańsk, Poland, strain
XPAL450 isolated from Xanthoria parietina) and Trebouxia erici (strain UTEX911, USA = 1 6 6
Asterochloris erici strain H1005, CAUP Czech Republic) were used for the optimalization of phosphorus for the last 3 -4 days. The growth of the Trebouxia culture was enhanced by
addition of 1% glucose (w/v) to the culture medium (Zachleder and Šetlík, 1982) , pH 7.8.
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Preparation of crude extracts for screening
The 200 mg of dry biomass (freeze dried) or fresh algal samples were extracted by 3 ml of
organic solvents: 70% (v/v) methanol, 100% acetone or 100% ethyl acetate, in mortar and
pestle with quartz sand. The homogenate was allowed to stand for 20 min in closed tube and Germ tube branching bioassay on the AM fungus Gigaspora rosea
Arbuscular mycorrhizal fungus Gigaspora rosea T.H. (Nicholson and Schenck, 1979) phase, discs with the seeds were transferred onto discs with testing solution ("sandwich") in were repeated twice or three times. The germination of seeds was evaluated using light number of germinated seeds from the total number of seeds. 
Roots analysis of Arabidopsis thaliana -in vitro bioassay
The Arabidopsis thaliana seeds (wt Col 0) with 10% (v/v) sodium hypochloride and drop of water and stratified for 3 days at 4 °C. 75 ml of MS medium (Murashige and Skoog, 1962) 2 1 2 containing 1% agar (w/v), 1 g.l -1 sucrose, pH 5.8 was poured into Petri plate (diameter 9 cm).
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The 6 seeds per plate were placed on the cultivation medium from the top margin of 1.5 cm.
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The excess of water was evaporated and the Petri plates were vertically standed at an 45° The root systems were evaluated after 8 days by scanning of images (Scanner, 1200dpi, In first experiment, buds outgrowth measurements were performed on rms-1 (ccd8) mutant of
pea (Pisum sativum L.) cv. Térèse (Rameau et al., 1997) . 120 µl of crude extract of microalga
Trebouxia arboricola (extraction of 5 ml of fresh pelleted biomass, representing 100 ml of 2 2 2 fresh culture was extracted by 6 ml ethyl acetate) and lichen Xanthoria parietina (1 g dry negative and positive controls. In second experiment, the seeds of pea cv. Terno were soaked by algal homogenate of T. and 17 ml of distilled water was mixed with 20 pea seeds for 24h in dark at room temperature.
The treated seeds were germinated, ten seeds per pot. The pea plants were cultivated in 7-liter
containers containing commercial garden soil (Agroprofi Garden, Agrocs Ltd., Czech
Republic) and vermiculite (1:1). In experiment with AMF, the 15 g dose spore inoculum of
Rhizophagus irregularis (Symbiom Ltd., Czech Republic) was incorporated into substrate rate, by determination of length (cm), fresh and dry weight of shoots (g), respectively. The cell cultures of the alga T. arboricola ± P-free were rinsed and concentrated by Orobanche species, indicating the presence of a host species, resulting in devastating losses in
some agricultural systems. Our study focused on cultureable strains of algae that potentially Screening of algae and plants for bioactivity -germination of seeds of parasitic plants
The list of tested algae and plants represents a random selection in developmental line and it using germination bioassay and ethyl acetate extraction have shown on the same bioactivity to
SLs in filamentous freshwater Charales (Chara sp.) and Ulvophyceae (marine Ulva lactuca, freshwater Cladophora sp.) macroalgae as was reported by Delaux et al. (2012) . In addition
the stimulation bioactivity of other marine branched macroalga Cystoseira sp., Gracilaria sp.,
Codium sp., freshwaterweed Elodea canadensis was found.
The most important is the extraction procedure and the type of extraction agent. In sample of 3 2 3
the Cladophora sp., germination inducing compounds were not extracted in 70% methanol, in
comparison to ethyl acetate extract (Table 2A) . Methanol as extraction agent was excluded
for germination bioassays. Based on preliminary P. aegyptiaca germination bioactivity
screening of macroalgae, lichens and water plant extracts, we futher tested crude extracts small amount of acetone and dilluted with water (1:9 v/v) ( Table 2B) .
Futher we found that two soil cyanobacteria filamentous strains (soil and symbiotic) and four
microalgae (symbiont and one with flagella) stimulated the germination of the P. aegyptiaca.
They were Cylindrospermum alatosporum (CCALA 998) and Nostoc commune (symbiont
with roots of Gunnera). The soil representatives of cyanobacteria form a spherical cell-free lichen growing on tree and rich on specific pigments, the most common photobiont genera Asterochloris and Trebouxia (green microalge cultures grown without fungi) as symbiont of 3 3 7 many lichens. The other two selected strains Eustigmatos sp. water isolates from Chara sp. and flagellate green freshwater alga Chlamydomonas sp. stayed independent. In the study Chlorokybus sp. and CCD8 in Trebouxiophyceae. We tested the hypothesis that SLs could be bioactivities for P. aegyptiaca were not observed. However, we can not rule out the inhibition other parasitic weed seeds. More detailed study using other parasitic weed seeds and several plant hormones and gained many genes typical for land plants (Hori et al., 2014) .
The branching function of SLs is accounted as original function in plants, in moss
Physcomitrella patens (regulation of protonema branching), in Charales and in fungi. In P.
patens SLs act as reminiscent sensing molecules used by bacteria to communicate one with 3 5 5
eachother (Proust et al. 2011) . In unbranched filamentous microalgae and cynobacteria, there
is a mutual communication of individual cells as was reported also for green algae such as our experiment we tested cyanobacteria, lichenised algae and lichen for bioactivity similar to
SLs. Fig. 1 shows the results of induction of germination of P. aegyptiaca seeds in the
bioassay with crude extracts of Trebouxiophyceae algae (lichens photobiont from artificial 3 6 2 culture). All the algal treatments increased the germination activity of the seeds. GR24 (100
µmol.l -1 ) treatments added to the alga extract restored the germination bioactivity similar to 3 6 4 the GR24 alone treatment, this means that the algal extract didn´t contained substances that
inhibit GR24 effect. It seems, that lichen and linechised algae contain SL-related compounds. We need to further optimise growing conditions, and/or an extraction procedure. 
Roots analysis of Arabidopsis thaliana -in vitro bioassay
The plants were grown in Murashige and Skoog medium (1962) in presence of crude extracts.
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We measured total length of roots, length of primary root and length of lateral roots of 8-days (Ruyter-Spira et al., 2011), but not at higher concentration of GR24 in tomato (Koltai, 2011) .
Results of our study suggested the increase in length of primary and lateral roots and effect of GR24 application (Sun et al., 2016) .
Germ tube branching bioassay on the AM fungus Gigaspora rosea, stimulation growth of Nitella mucornata and cyanobacteria Cylindrospermum alatosporum increased AMF spore 4 2 4 germination ( Fig. 2A) . The treatment of acetone crude extract of lichens led to changes in the about SLs production by the alga in the medium. 
Expression of SL-related markers -Ppccd8 mutant of Physcomitrella patens
The Physcomitrella patens (moss) knockout mutant Ppccd8 (Proust et al., 2011) was used for 4 4 1 our study as the response to SL (Proust et al., 2011 , Hoffmann et al., 2014 . On the arboricola diluted extracts, as it is expected from SL compound (Hoffmann et al., 2014) .
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Diluted Trebouxia, Xanthoria and diluted Trebouxia-P extracts all led to an increase of the Here, we present data indicating that symbiotic Trebouxiophyceae also produce SLs or SLs-
related compounds, but we were unable to amplify CCD8 sequences from the genomic DNA for any screened algae due to limited genomic and transcriptomic data. Whital across
screened 37 species of cyanobacteria for novel CCD genes used BLASTP, 5 CCD genes
including ccd8-homologous gene in freshwater unicellular N 2 -fixing cyanobacteria
Cyanothece sp.ATCC 51142 and more than 3 CCD genes including ccd7-homologous genes arboricola from the harvested culture grown on full culture medium (A); and in P-free HRMS. This method enables validation via fragmentation, the results are given in
Supplementary Table S1, data were obtained fom extract. By the means of the MassFrontier
program, probable fragments of individual carlactone analytes were calculated according to 1.82 ppm. For the analytes that had already been studied in other matrices (carlactone, and the experimental data were found to be in a good accordance with previously published data (Seto et al., 2014 , Abe et al., 2014 , Brewer et al., 2016 .
Perspective of practical use of Trebouxia arboricola in pest management
The growth of pea plants cv. Terno, which seeds were treated by algae homogenate, was treatment -Rhizophagus irregularis, Trebouxia arboricola in second short-term experiment.
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All treatments had stimulation effects on growth characteristics, increase in length of stem
and in number of nodes in the most efficient T. arboricola plus R. irregularis, suggesting that 5 3 1 fungi colonization was probably positively affected by the algal treatment (Table 5) .
However the statistical analysis did not show statistically significant differences, especially
because of high variability of control. SL levels in pea plant would need to be estimated, and
the experiment should be tested in the presence of parasitic seeds (P. aegyptiaca), but it can
already be concluded that T. arboricola application is not phytotoxic and has positive effects on AMF, which is important for the practical purposes. There is accumulating evidence that microalgae (cyanobacteria and algae) like many other plants produce various phytohormones, also including SLs. This fact could be highly
interesting from a practical point of view, offering a novel approach for parasitic plant pathway. There is a vision to implement pilot studies that could verify the use of this
biotechnology product in agriculture. Supplementary data are available at JXB online. mutant Physcomitrella patens Ppccd8 after Trebouxia treatment. Cedex, France), for providing buds outgrowth measurements on rms-1 (ccd8) mutant of pea. Grant no.239343 and BW/L140-5-0406-0 from the University of Gdańsk. 
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